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MULTIPLE NODE NETWORK AND COMMUNICATION METHOD WITHIN 

THE NETWORK 
Priority Information 

[0001] The present application is based on and claims priority under 35 U.S.C. § 1 19 to 
Japanese Patent Application No. 2002-202032, filed on July 11, 2002, the entire content of 
which is expressly incorporated by reference herein. 

Background of the Invention 

Field of the Invention 

[0002] The present invention generally relates to a multiple node network and a 
communication method within the network. The present invention more particularly relates 
to a network having a plurality of terminal nodes and a management node that manages the 
terminal nodes and also to a communication method among the terminal nodes and the 
management node. 
Description of Related Art 

[0003] Computerized controls have become popular for various systems such as, for 
example, land vehicles and watercrafts in recent years. Components of the systems such as 
engines and navigation devices typically are connected with each other using a network. 
Such engines and navigation devices each have a terminal node on the network. A bus 
connects together the respective tenninal nodes. A management node also is provided 
within the network and is connected to the bus to manage the terminal nodes. 
[0004] The terminal nodes and the management node frequently communicate with 
each other through the bus. Generally, the bus is common to all of the nodes. In some 
particular transfers, two or more; nodes, which simultaneously are trying to communicate, 
place their own fi-ames onto the bus and a contention thus occxirs between the nodes. A 
protocol can be provided in this communication system to arbitrate the nodes in contention. 
One node that wins in the arbitration only has the priority to transfer the frame. Another 
node that loses in the arbitration should wait until an opportunity to use the bus exists. For 
example, JP2001-1 19416A discloses a network that has such a protocol. 
[0005] In such a conventional network, the nodes can use a particular frame that has at 
least an identifier field to communicate with each other. The identifier field can include a 
classification identifier or ID of each node. If two or more nodes simultaneously try to 
transfer the frames, the identifier field of each frame is compared with one another. In 
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general, the respective components have different identifiers. The arbitration thus is 
effected and the node that has won can obtain the priority. 

[0006] Watercraft, however, can employ a plurality of outboard drives such as, for 
example^ outboard motors to propel the watercraft at significant speed. Typically, the 
outboard motors are controlled by the same application program because there is no reason 
to provide a separate communication system for the outboard motors. Drive nodes for the 
outboard motors thus have the same classification identifier. 

[0007] Under the circumstances, the terminal nodes first transfer the frames to the 
management node to obtain a network address when the network is switched on. If two or 
more nodes simultaneously place the frames onto the bus, the identifier field of each frame 
is compared with one another as described above. The comparison, however, does not 
successfully arbitrate the contention because the identifier of each drive node is the same as 
one another. The arbitration thus fails. Accordingly, the network requires a large amount 
of time to boot up. 

Summary of the Invention 
[0008] A need therefore exists for an improved network that can boot up quickly and 
for an improved communication rriethod that can contribute to the quick boot up of the 
network. 

[0009] In accordance with one aspect of the present invention, a multiple node network 
comprising a plurality of temiinal nodes, a management node that at least initially manages 
the terminal nodes, and a bus that is arranged to connect the respective terminal nodes and 
the management node to one another. The terminal nodes and the management node 
communicate with one another using a respective frame that includes at least an identifier 
field and a data field. At least some of the terminal nodes transfers a frame to the 
management node in which the data field contains a discriminative code. The management 
node arbitrates any contention between one or more of terminal nodes by comparing the 
identifier field of one terminal node in contention with the identifier filed of another 
terminal node in contention. At least some of the terminal nodes are capable of calculating 
a time delay based upon at least a portion of the discriminative code in the date field when 
arbitration fails and then re-transferring the frame to the management node after the time 
delay. 

[0010] In accordance witii another aspect of the present invention, a multiple node 
network comprises a plurality of terminal nodes, each of which communicates with a 
component of a system. A management node communicates with the terminal nodes and a 
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bus is arranged to connect the terminal nodes and the management node to one another. 
The terminal nodes initially communicating with the management node using a respective 
frame that includes at least a data field having a discriminative number allotted to the 
component. At least some of the terminal nodes transfer the frame to the management 
node. Additionally, at least some of the terminal nodes are capable of re-transferring the 
frame to the management node after a time delay that is calculated based upon at least a 
portion of the discriminative number when a plurality of the terminal nodes have 
simultaneously transferred the respective frames to the management node. 
[0011] An additional aspect of the present invention involves a conmiunication method 
between a plurality of nodes in a network, wherein the nodes include terminal nodes and a 
management node that is configured to communicate with the terminal nodes. The method 
comprises creating a frame that includes at least an identifier field and a data field where the 
data field has a discriminative code. The respective frames are transferred to the 
management node from at least a plurality of the terminal nodes. The identifier field of one 
terminal node is compared with the identifier field of another terminal node to arbitrate 
between the terminal nodes in contention when the terminal nodes simultaneously transfer 
the respective frames to the management node. It then is determined whether the arbitration 
failed. If so, a time delay is calculated based upon at least a portion of each one of the 
discriminative codes. Afl:er the expiration of the calculated time delay, the frames are sent 
by the terminal nodes to the management node. 

[0012] In accordance with a fiirther aspect of the present invention, a communication 
method between a plurality of nodes in a network is provided. The nodes include terminal 
nodes and a management node configured to manage the terminal nodes, Each one of the 
terminal nodes is associated with a component of a system. The method comprises creating 
a franie that includes at least a data field having a discriminative number allotted to the 
component, transferring the frame to the management node from at least some of terminal 
nodes, repeating the fransferring of the frames to the management node from a plurality of 
terminal nodes when a contention arises that cannot be solved by arbitration, calculating a 
time delay based upon at least a portion of the discriminative number, and delaying the 
repeated transfer of the frames from the terminal nodes in contention by the calculated 
delay time. 

Brief Description of the Drawings 
[0013] The foregoing and other features, aspects and advantages of the present 
invention are described in detail below with reference to the drawings of a preferred ^ 
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embodiment which is intended to illustrate and not to limit the invention. The drawings 
comprise nine figures in which: 

[0014] FIGURE 1 illustrates a schematic representation of a top plan view of a 
watercraft propelled by a pair of outboard motors and provided with a controller area 
network (CAN) configured in accordance with certain features, aspects and advantages of 
the present invention; 

[0015] FIGURE 2 illustrates a block diagram of a terminal node and, more specifically, 
a drive node that is a member of the network and is provided at each outboard motor in the 
illustrated embodiment; 

[0016] FIGURE 3 illustrates a block diagram of another terminal node that represents 
any one of various nodes of the network, such as, for example, a velocity sensor node, a 
remote controller node, a steering angle sensor node and a fish-finder node that are 
members of the network and are provided at a velocity sensor, a remote controller, a 
steering angle sensor and a fish-finder, respectively, of the watercraft; 
[0017] FIGURE 4 illustrates a block diagram of an additional node, and specifically, a 
display node that is a member of the network and is provided at a display panel of the 
watercraft; 

[0018] FIGURE 5 illustrates a block diagram of a managenient node that is a member 
of the network and is located on the watercraft; 

[0019] FIGURE 6 illustrates a flow chart of an embodiment of an initial operation for 
providing network addresses to the terminal nodes that is conducted by the managerhent 

node; 

[0020] FIGURE 7 illustrates a flow chart of an embodiment of an interrupt operation 
for providing network addresses to the terminal nodes that also is conducted at the 
management node; 

[0021] FIGURE 8 illustrates a flow chart of an embodiment of an operation for 
obtaining network addresses fi-om the management node that is conducted at the terminal 
nodes; and 

[0022] FIGURE 9 illustrates an example of an individual information response fi-ame 
that each terminal node can create and transfer to the management node. 

Detailed Description of the Preferred Embodiment of the Invention 
[0023] With reference to FIGURE 1, a watercraft 30 and a controller area network 
(CAN) 32 for the watercraft 30 is described. The CAN 32 is one type of a local area 
network (LAN). While a network is described in connection with this particular type of 



network (i.e., the CAN 32) for the particular type of system (e.g., the watercraft 30), those 
of skill in the art will appreciate that the present invention may have utility in a wide range 
of applications for other types of networks that are used for other systems such as, for 
example, land vehicles, toys, game machines, factory control systems, building 
management systems or the like, ^ 

10024] The watercraft 30 has a hull 34. At least one drive unit propels the hull 34. In 
the illustrated embodiment, a pair of outboard motors 3 6 A, 36B preferably are mounted on 
a trjansom of the hull 34 as the drive units to propel the hull 34. Other marine drives such 
as, for example, stem drives can replace the outboard motors 36A, 36B. Each outboard 
motor 36A, 36B incorporates a prime mover. The prime mover in the illustrated 
embodiment is an internal combustion engine 38A, 38B. Other types of prime movers such 
as, for example, electric motors can replace the engines 3 8 A, 38B in other embodiments. 
[0025] Each engine 3 8 A, 38B incorporates one or more throttle valves in an air intake 
system to regulate a rate of airflow amount delivered to combustion chambers of the engine 
38A, 38B. A throttle valve actuator preferably is coupled with valve shafts or a common 
valve shaft of the throttle valves to actuate the throtde valves. The throttle valve actuator 
can be formed with an electric motor or stepper motor, for example. Normally, the greater 
the throttle valve opens, the higher the rate of airflow amount into the engine and the higher 
the engine speed. 

[0026] Each engine 3 8 A, 38B preferably is provided with a fiiel injection system that 
has fixel injectors sprajdng fiiel directly into the combustion charnbers or into a portion of 
the air intake system for combustion in the combustion chambers. Each engine 3 8 A, 38B 
also is provided with an ignition or firing system that has spark plugs to ignite air/fiiel 
charge in the combustion chambers of the engine. 

[0027] Each outboard motor 36A, 36B has a propulsion unit that is powered by the 
engine 38A, 38B. The propulsion unit preferably is a propeller 40A, 40B. Other types of 
propulsion units such as, for example, a dual counter-rotating system or a hydrodynamic jet 
can replace the propeller 40A, 40B in other embodiments. 

[0028] The outboard motor 3 6 A, 36B also has a changeover mechanism (a 
transmission) that sets the propeller 40A, 40B for either forward, neutral or reverse 
operation. Each changeover mechanism preferably incorporates a changeover actuator to 
switch the changeover mechanism among forward, neutral and reverse positions that 
correspond to the forward, neufral and reverse operations of the propeller 40A, 4bB, 
respectively. The changeover actuator can be formed with an electric motor, for example. 
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The watercraft 30 proceeds forward when each propeller 40A, 40B is set in the forward 
operation, while the watercraft 30 proceeds backward when each propeller 40 A, 40B is set 
in the reverse operation. The propellers 40A, 40B do not drive the watercraft when they are 
set for neutral operation. 

[0029] In the illustrated embodiment, each outboard motor 36A, 36B is rotatable 
relative to the transom of the hull 34 to steer the watercraft 30. A steering actuator such as, 
for example, an electric motor is provided at each outboard motor 3 6 A, 36B. The outboard 
motors 3 6 A, 36B pivot about respective steering axes that lie generally vertical. Preferably, 
the steering movements of both the motors 3 6 A, 36B are synchronized. In one variation, 
the outboard motors 36A, 36B are mechanically linked to move together in the same 
steering range. Additionally, each outboard motor 36A, 36B can be tiltable about a 
generally horizontal tilt axis. 

[0030] Each outboard motor 36A, 36B has a drive node 42A, 42B electrically coupled 
with the throttle valve actuator, the fuel injectors, the spark plugs, the changeover actuator 
and .the steering actuator. In one variation of the illustrated embodiment, each outboard 
motor 3 6 A, 36B can have an engine node electrically coupled with the throttle valve 
actuator, the fiiel injectors and the spark plugs and also a propulsion node electrically 
coupled with the changeover actuator and the steering actuator. That is, the drive node can 
be divided into the engine node relating to the engine components such as the throttle valve 
actuator and the propulsion node relating to the propulsion components such as the 
changeover actuator. Further groupings or divisions of the outboard motor components are 
also possible in order to suit a particular application. 

[0031] A watercraft velocity sensor 46 preferably is mounted on a bottom of the hull 34 
at or near the stem of the watercraft 30. The velocity sensor 46 preferably incorporates a 
Pitot tube and senses a water pressure in the tube to detect a velocity of the watercraft 30; 
however, other types of speed sensors (e.g., a paddle wheel sensor) can also be used. The 
velocity sensor 46 has a velocity sensor node 48 to transfer velocity data to the network 32. 
[0032] In the illustrated embodiment, a passenger's area 52 is defined in the hull 34 
from the transom to a mid portion of the hull 34. A remote controller 54 preferably is 
provided at a forward-most end of the passenger's area on the right-hand side. The 
illustrated remote controller 54 has a single control lever that is pivotally movable about a 
fiilcrum to control both the throttle valve actuator and the changeover actuator. An operator 
can operate the control lever to set a desirable watercraft speed and to select one of the 
forward, neutral and reverse operations for the propeller 40A, 40B. The remote controller 
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54 has a remote controller node 56 to transfer throttle valve position control data and 
changeover position control data that represent how fast and in which direction the operator 
wants to move. 

[0033] In a variation of this embodiment, the remote controller 54 can have two control 
levers, each of which separately controls the throttle valve actuator and the changeover 
actuator. In another variation, stick or sticks which slidably move can replace the control 
lever or levers, respectively. 

[0034] A steering device 60 preferably is placed next to the remote controller 54. The 
illustrated steering device 60 incorporates a steering wheel mounted on the hull 34 for 
pivotal movement. The steering device 60 changes the steering positions of the respective 
outboard motors 36A, 36B. The operator can operate the steering wheel to steer the 
outboard motors 36A, 36B. The steering device 60 has a steering node 62 to transfer 
steering position control data that represent the operator's desire to the network. The 
steering device, however, can take other forms, such as, for example, but without limitation, 
a handlebar, a joystick, or a yoke. 

[0035] A display panel 66 is disposed at or near the forward-most end of the 
passenger's area 52. In the illustrated embodiment, the display panel 66 is located between 
the remote controller 54 and the steering device 60 on the hull 34, The illustrated display 
panel 66 indicates an engine speed, a watercraft velocity, a changeover position, a direction 
of travel (e.g., north, northwest, etc.) and other information that is informative when 
operating the watercraft 30. Additionally, in the illustrated embodiment, a switch key 
recess 68 to receive a switch key is formed in an area of the display panel 66. A main 
switch unit is formed under the panel 66. The operator inserts the switch key into the 
switch key recess 68 and rotate$ the switch key to turn the main switch unit on. The display 
panel 66 has a display node 70. The main switch unit also is electrically coupled with the 
display node 70. 

[0036] A fish-finder 74 preferably is placed at or near the forward-most end of the 
passenger's area and, in the illustrated embodiment, it is located on the left-hand side 
opposing to the remote controller 54. The fish-finder 74 can be used when fishing or 
diving, for example. The fish-finder 74 has a fish- finder node 76. 

[0037] A bus or bus line 80 connects the drive nodes 42A, 42B, the velocity sensor 
node 48, the remote controller node 56, the steering node 62, the display node 70 and the 
fish-finder node 74 with each other to form the CAN 32. The drive nodes 42A, 423, the 
velocity sensor node 48, the remote controller node 56, the steering node 62, the display 
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node 70 and the fish-finder node 74 are terminal nodes of the CAN 32. A management 
node 82 also is connected to the bus 80 to manage the terminal nodes 42A, 42B, 48, 56, 62, 
70,76. 

[0038] The illustrated bus 80 preferably is formed with twisted pair cables. Each 
terminal node 42A, 42B, 48, 56, 62, 70, 76 transfers a frame (e.g., a packet of information 
together with other fields, such as, for example, a header or possibly a trailer, that contain 
information that allows the packet to be forwarded to its destination on the network) to 
communicate with each other using the common bus 80. In other words, a multi -processing 
communication is made among the terrninal nodes 42A, 42B, 48, 56, 62, 70, 76. An access 
protocal such as, for example, a carrier sense multiple access/collision detection 
(CSMA/CD) method preferably is used in this network communication system. 
[0039] The bus level of the bus 80 can be the logical value "0'' or the logical level "1 
The logical value "0" is the dominant level of the bus 80 and is set when at least one of the 
nodes that is connected to the bus 80 outputs the logical value "0." The logical value "1" is 
the recessive level of the bus 80 and is set when all the nodes connected to the bus 80 output 
the logical value " 1 

[0040] The bus 80 can be connect to the nodes 42A, 42B, 48, 56, 62, 70, 76, 82 in any 
forms such as, for example, a ring form and a star form. The bus 80 can use any cables or 
wires other than the twisted pair cables such as, for example, optical cables. Furthermore, a 
radio type bus (e.g., RF signal system) that has no cables or wires can replace the illustrated 
bus 80. 

[0041] The CAN 32 preferably includes an electric power source such as, for example, 
one or more batteries to supply electric power at least to some or all of the nodes 42A, 42B, - 
48, 56, 62, 70, 76, 82. The power source can be used for other devices and electric 
components related to the outboard motors 36A, 36B and/or the watercrafl 30. In the 
illustrated embodiment, the power source is in a state to supply all of the nodes 42A, 42B, 
48, 56, 62, 70, 82, except for the fish-finder node 76, when the main switch unit is turned 
on. The illustrated fish-firider 74 has an own switch to activate the fish-finder 74 and the 
fish-finder node 76. 

[0042] With reference to FIGURE 2, each drive node 42A, 42B comprises a bus 
interface circuit 86, a micro-computer 88, an input circuit 90 and an output circuit 92. The 
micro-computer 88 is a central processor of the drive node 42A, 42B and includes a 
communication control circuit 98, a computing processing unit 100, an input port 102 and 
an output port 104. 



[0043] The micro-computer 88 is connected to various sensors through the input circuit 
90. In the illustrated embodiment, the sensors include a throttle valve position sensor that 
detects an actual position of the throttle valves, an engine speed sensor and other sensors 
(e.g., an air pressure sensor and/or an air temperature sensor) that sense engine/drive 
conditions. The input circuit 90 receives actual throttle valve position data from the throttle 
valve position sensor, engine speed data from the engine speed sensor and other control 
data, if any, from the other sensors and send the data to the input port 102. 
[0044] The input port 102 receives the actual throttle valve position data, engine speed 
data and other control data, if any, from the inlet circuit 90 and passes those data over to the 
computing processing unit 102. The conversion from an analog signal to a digital signal 
can occur in the input circuit 90 or at the individual sensor. 

[0045] The micro-computer 88 also is connected to engine/drive (i.e., engine and/or 
outboard motor) components through the output circuit 92. The engine/drive components at 
least include the throttle valve actuator, the fuel injectors, the spark plugs, the changeover 
actuator and the steering actuator. The output port 104 receives control data from the 
computing processing unit 100 and passes the data over to the output circuit 92. The output 
circuit 92 then transfers the control data to the engine/drive components. Preferably, the 
engine/drive components include their own drive and/or power/charging circuits that 
respond to the control data sent from the device node; however, in some applications, such 
circuits for the various engine and outboard motor components (e.g., the throttle actuator) 
can be built into the output circuit 92. For example, in the illustrated embodiment, the 
engine includes a separate charging circuit for the spark plugs. The output circuit 92 sends 
the control data to the charging circuit to instruct when to cause each spark plug to 
discharge and ignite the charge in the respective combustion chamber. In other forms, 
however, such a charging circuit can be integrated into the output circuit 92. 
[0046] Within the microprocessor 88, the computing processing unit 100 
communicates with the communication control circuit 98 that has a transferring buffer 106 
and a receiving buffer 108. The communication control circuit 98 is connected to the bus 
80 through the bus interface circuit 86. 

[0047] The computing processing unit 100 incorporates at least one non-volatile 
storage or memory 109 such as, for example, ROM or EPROM. The non-volatile storage 
109 preferably stores a classification identifier or ID allotted to the drive node 42 A, 42B 
and each product or part nimiber, manufacturing number and manufacturer niodel number 
of the outboard motor 36Aj 36B. The classification identifier preferably is a serial number. 
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Both the drive nodes 42A, 42B are assigned with the same classification identifier because 
the drive nodes 42A, 42B belong to the same classification. The product or parts nuniber 
and the manufacturing number of one outboard motor 3 6 A, 36B are discriminative with 
those of another outboard motor 36A, 36B. The manufacturer number may be the same as 
one another if the outboard motor 36A, 36B are manufactured by the same manufacturer. 
The product or parts number, the manufacturing number and the manufacturer number can 
be those of the engine 3 8 A, 38B or other components or parts of the outboard motor 3 6 A, 
36B. 

[0048] The computing processing unit 100 also incorporates one or more volatile 
storages such as, for example, RAM to store a network address (e.g., a physical address) 
that will be assigned fi-om the management node 82 to each terminal node. 
[0049] The drive nodes 42 A, 42B preferably have higher ranked communication 
priority in the CAN 32 than the other terminal nodes 48, 56, 62, 70, 74 because the drive 
nodes 42 A, 42B directly affect an operation of the engine 3 8 A, 38B or an operation of the 
outboard motor 36A, 36B. In order to realize the higher ranked priority, the fi-ame of the 
drive nodes 42A, 42B preferably has a larger number of dominants (e.g., logical level "0") 
and the dominants preferably appear earlier than recessive in the sequential order. Any bus 
arbitration protocal that assigns a priority level to different devices can also be used. 
[0050] The micro-computer 88 of each drive node 42 A, 42B and, particularly, the 
computing processing unit 100, controls the throttle valve position and the changeover 
position based upon the throttle valve position control data and the changeover position 
control data, respectively, that are sent by the remote controller node 56. The computing 
processing unit 100 also controls the steering position based upon the steering position 
control data sent by the steering node 62. Furthermore, the computing processing unit 100 
calculates fiiel injection timing and injection duration for the fiiel injectors and ignition 
timing for the spark plugs based upon, at least in part, the watercraft velocity data 
transferred fi-om the velocity sensor node 48 and the actual throttle valve position data and 
the engine speed data transferred fi:om the throttle valve sensor and the engine speed sensor, 
respectively. The micro-computer 88 of the drive nodes 42 A, 42B then controls the fiiel 
injectors and the spark plugs using the calculated results. 

[0051] The drive nodes 42A, 42B also transfer the actual throttle valve position data 
and the actual changeover position data and additionally engine speed data to the display 
node 70 through the bus 80. Those data are indicated on the display panel 70. 
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[0052] Each drive node 42A, 42B has a delay timer that measures an elapsed time TL 
after an error frame, which will be described below, is transferred, and a timer set counter 
that counts the number of times that the delay timer works. The computing processing unit 
100 preferably incorporates the delay timer and the timer set counter. 
[0053] With reference to FIGURE 3, the velocity sensor node 48, the remote controller 
node 56, the steering node 62 and the fish-fmder node 76 each comprise the same node 
structure illustrated in Figure 3, This node structure comprises a bus interface circuit 1 10, a 
micro-computer 112 and an input circuit 114. The micro-computer 112 is a central 
processor in each node 48, 56, 62, 76 and includes a communication control circuit 118, a 
port control circuit 120 and an input port 122. 

[0054] The micro-computer 112 is connected to the respective sensor (the velocity 
sensor 48, the remote controller 54, the steering device 60 or the fish-finder 74) through the 
input circuit 114. The input circuit 114 receives data from the respective sensor— watercraft 
velocity data from the velocity sensor 48, throttle valve position control data and 
changeover position control data from the remote controller 56, steering position control 
data from the steering device 60 or fish finding data from the fish-finder 74— and sends the 
data to the input port 1 22. 

[0055] The input port 122 receives the data (the watercraft velocity data, the throttle 
valve position and changeover position control data, the steering position control data or the 
fish finding data) from the inlet circuit 114 and passes the data over to the port control 
circuit 120. 

[0056] Within the micro-processor 112, the port control unit 120 communicates with 
the communication control circuit 118 that has a transferring buffer 126 and a receiving 
buffer 128. The communication confrol circuit 118 is also connected to the bus 80 through 
the bus interface circuit 110. ^ 
[0057] The port control circuit 120 incorporates at least one non-volatile storage or 
memory 132 such as, for example, ROM or/EPROM. The non- volatile storage 132 
preferably stores at least a classification identifier or ID allotted to the respective one of the 
velocity sensor node 48, the remote controller node 56, the steering node 62 or the fish- 
finder node 76, and a product or parts number, manufacturing model number and a 
manufacturer number of the velocity sensor 46, the remote controller 54, the steering device 
60 and the fish-finder 74. The identifier preferably is a serial number. 



[0058] The port control circuit 120 also incorporates one or more volatile storages such 
as, for example, RAM to store a network address (e.g., a physical address) that will be 
assigned from the management node 82 to the respective nodes 48, 56, 62 and 76. 
[0059] Each node 48, 56, 62, 76 has a delay timer (not shown) that measures an elapsed 
time TL after the error frame is transferred. The node 48, 56, 62, 76 also has a timer set 
counter that counts the number of times that the delay timer works. The port control circuit 
120 preferably incorporates the delay timer and the timer set counter. 
[0060] With reference to FIGURE 4, the display node 80 comprises a bus interface 
circuit 136, a micro-computer 138, an input circuit 140 and an output circuit 142. The 
micro-computer 138 is a central processor of the display node 70 and preferably includes a 
communication control circuit 98, a port control circuit 146, an input port 148 and an output 
port 150. 

[0061] The micro-computer 138 is connected to one or more devices that has data 
displayed on the display panel 66. In the illustrated embodiment, the devices communicate 
with the micro-computer 138 through the input circuit 140. Such device or devices can 
include a compass, for example. The input circuit 140 receives the display data from these 
device(s) and sends the data to the input port 140. The main switch unit under the switch 
key recess 68 also is connected to the input circuit 140 in this embodiment. The input port 
148 receives the data from the inlet circuit 140 and passes these data over to the port control 
circuit 146. 

[0062] The micro-computer 138 also is connected to respective indication elements of 
the display panel 66 through the output circuit 142. The output port 150 receives the 
display data from the port control circuit 146 and passes the data to the output circuit 142. 
The output circuit 142 then transfers the display data to the indication elements (e.g., a 
meter, a numeric or alphanumeric display, or a bar graph) of the display panel 66. The 
indication elements can includes a meter such as, for exarnple, a residual fuel meter. In one 
variation, the residual ftiel gauge or othar type of display can be provided separately from 
the display panel 66 and be coupled with the display node 70. 

[0063] Within the micro-computer 138, the port control circuit 146 communicates with 
the communication control circuit 144 that has a transferring buffer 154 and a receiving 
buffer 156. The communication control circuit 144 is connected to the bus 80 through the 
bus interface circuit 136. 

[0064] The port control circuit 146 preferably incorporates at least one non-volatile 
storage or memory 158 such as, for example, ROM or EPROM. The non-volatile storage 
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158 preferably stores at least a classification identifier or ID allotted to the display node 70 
and a product or parts number, manufacturing number and a manufacturer model number of 
the display panel 66. The identifier preferably is a serial number. 

[0065] The port control circuit 146 preferably also incorporates one or more volatile 
storages such as, for example, RAM to store a network address or physical address that will 

be assigned to the display node 80 by the management node 82. 

[0066] The display node 70 has a delay timer that measures an elapsed time TL after 
the error frame is transferred. The display node 70 also has a timer set counter that counts 
the number of times that the delay timer works. The port control circuit 146 preferably 
incorporates the delay timer and the timer set counter. 

[0067] With reference to FIGURE 5, the management node 82 comprises a bus 
interface circuit 160, a micro-computer 162. The micro-computer 162 preferably is a 
central processor of the management node 82 and includes a communication control circuit 

164, a computing processing device 166 and a storage device 168. 

[0068] The computing processing device 166 communicates with the communication 
control circuit 164 that has a transferring buffer 170 and a receiving buffer 172. The 
communication control circuit 1 1 8 is connected to the bus 80 through the bus interface 
circuit 160. 

[0069] The computing processing device 166 also communicates with the storage 
device 168. The storage device 168 has at least one volatile storage or memory such as, for 
example, RAM. The storage device 168 can have non-Volatile storages other than or in 
addition to the volatile storage. The storage device 168 preferably stores (1) a classification 
table indicating relationships between classifications and the classification identifiers, and 
(2) a physical address table (network address table) indicating the relationships among at 
least (a) the physical addresses (network addresses) that will be assigned to the respective 
terminal nodes 42A, 42B, 48, 56, 62, 70, 76, (b) the classification identifiers of the terminal 
node 42A, 42B, 48, 56, 62, 70, 76, and (c) the manufacturing numbers of those terminal 
nodes 42A, 42B, 48, 56, 62, 70, 76. In one embodiment, the physical addresses, the 
classification identifiers and the manufacturing numbers are listed in individual columns for 
those items in the address list. The physical addresses can be set at the discretion of the 
management node 82. 

[0070] In one variation, the storage device 168 can store other numbers than the 
manufacturing numbers that are selected from the product or parts numbers, the 
manufacturer numbers or the like. In another alternative, any of such numbers are selected 
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together or are cornbined to make other numbers or codes, if necessary. Further, the 
physical addresses, the classification identifiers, the manufacturing numbers, the product or 
parts numbers, the manufacturer numbers and other numbers involved in this network 
system may include marks, symbols and other codes than numbers. 

10071] The management node 82 has a counter (not shown) that counts the number of 
times that the management node 82 has transferred an individual information transfer 
demanding frame, which will be described with reference to the flow chart of FIGURE 6. 
The computing processing device 1 66 preferably incorporates the counter. 
[0072] The foregoing communication control circuit 98, 118, 144, 164 of each node 
watches the transferred or received data and the bus level of the bus 80, detects arbitration 
results that will be described below and notifies the arbitration results to the respective one 

r 

of the computing processing unit 100, the port control circuit 120, 146 or the computing 
processing device 1 66. 

[0073] Also, the communication control circuit 98, 118, 144, 164 of each node detects 
various errors and notifies the errors to the respective one of the computing processing unit 
> 1 00, the port control circuit 1 20, 1 46 or the computing processing device 1 66. 
[0074] The errors include, for example, a bit error, a data error and/or a CRC error. 
The bit error is detected when the output level of each node and the level on the bus 80 are 
compared with each other and bits in each node output except for a stuffed bit or stuffed bits 
have different level with the bits on the bus 80. In the illustrated embodiment, a data error 
is detected when the same level is continuously detected (e.g., six bits or more) even a 
stuffed bit or stuffed bits are involved in a certain field. That is, normally, a reversed bit is 
added into a field to inhibit a burst error from occurring if some bits that has the same level 
abnormally continues (e.g., five bits). If the next bit also has the same level despite of this 
addition of the reversed bit, then a data error has occurred, 

[0075] The management node 82 provides the physical addresses (network addresses) 
to the terminal nodes 42A, 42B, 48, 56, 62, 70, 76, preferably while performing either an 
- initial operation program 180 (shown in FIGURE 6) or an interrupt operation program 182 
(illustrated in FIGURE 7). 

[0076] With initial reference to FIGURE 6, the initial operation program 1 80 preferably 
starts when the main switch unit is tumed on. The main switch unit in this embodiment is 
turned on when the operator rotates the switch key in the switch key recess 68. In this 
embodiment, all the terminal nodes 42A, 42B, 48, 56, 62, 70 except for the fish-finder riode 
76 are tumed on when the main switch unit is turned on. The management node 82 waits 
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for the terminal nodes 42A, 42B, 48, 56, 62, 70 to become ready to start before proceeding 
to run the program. 

[0077] The management node 82, at Step SI, preferably erases all erasable storages in 
the storage device 168. That is, the management node 82 erases ail the physical addresses, 
the classification identifiers and the manufacturing numbers previously recorded in the 
physical address table (network address table). The program 180 then proceeds to Step 82. 
[0078] At Step S2, the management node 82 creates an individual information transfer 
demanding fi'ame that demands each terminal node 42A, 42B, 48, 56, 62, 70 to transfer at 
least its respective classification identifier and the manufacturing number (or similar 
identification information ) to the management node 82. The management node 82 
provides the individual information transfer demanding fi-ame to ttie bus 80. Then, the 
program 82 proceeds to Step S3. 

[0079] The management node 82, at Step S3, determines whether at least one 
individual information response fi^ame has been received from one of the terminal nodes 
42A, 42B, 48, 56, 62, 70. The fish-finder node 76 will not transfer this fi-ame if the fish- 
finder 74 has not yet been tumed on. The terminal nodes 42A, 42B, 48, 56, 62, 70, except 
for the fish-finder node 76, transfer the respective individual information response frame to 
the management node 82. If the determination at Step S3 is negative, i.e., no individual 
information response fi-ame has been received, the management node 82 repeats Step S3 
until aii individual information response fi-ame is received. If the determination is positive, 
the program 180 proceeds to Step S4. 

[0080] At Step S4, the management node 82 preferably refers to the physical address 
table stored in the storage 'device 168 and selects one physical address which has the 
smallest number in physical addresses that has not yet been allotted to any terminal nodes. 
At the very beginning, no physical address has been allotted, so the management node 82 
can select the smallest nximber in the entire list and assign the number to the first responding 
node 42A, 42B, 48, 56, 62, 70 as the physical address for that node. The management node 
82 writes or registers the selected physical address in a column of the physical address table, 
and also writes or registers the classification identifier and the manufacturing number in 
other columns of the physical address table corresponding to the column in which the 
physical address has been written. Of course, the management node 82 can write to other 
cells in the table provided that the cells in which the information is stored correspond with 
one another (e.g., information written to cells in adjacent rows). The program 180 then 
proceeds to Step S5. 
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[0081] The management node 82, at Step S5, creates a physical address notification 
frame that includes the physical address table having the assigned physical address(es), the 
classification identifier(s) and the manufacturing number(s) and transfers the physical 
address notification frame to the first responding node 42A, 42B, 48, 56, 62, 70. The 
program 180 proceeds to Step S6. 

[0082] At Step S6, the management node 82 determines whether another individual 
information response frame has been received from another terminal node 42A, 42B, 48, 
56, 62, 70. If the determination is positive, the program 180 retums to and repeats Step S4 
for the next-to-respond terminal node. Step 4 is repeated for each responding terminal 
node, which usually includes all of the terminal node except for the fish-finder node. If the 
determination is negative, the program 180 proceeds to Step S7. 

[0083] At Step S7, the management node 82 determines whether the individual 
information response frames have been received from indispensable nodes which cannot be 
neglected in the control of the outboard motors 36A, 36B. In the illustrated embodiment, 
the indispensable nodes include at least the drive nodes 42A, 42B, the remote controller 
node 56 and the steering node 62. If the determination at Step S6 is positive, i.e., all the 
individual information response frames have been received from the indispensable nodes 
42A, 42B, 56, 62, the program proceeds to Step S8. 

[0084] The management node 82, at Step S8, determines whether a preset time has 
elapsed. The preset time preferably includes sufficient time in which the management node 
82 can complete at least the procedure to allot the physical addresses to the indispensable 
nodes 42A, 42B, 56, 62 and also to write the physical address table. If the determination at 
Step S8 is positive, the program tSO proceeds to Step S9. The management node 82, at 
Step S9, starts the interrupt operation program 182 shown in FIGURE 7 and then the initial 
operation program 180 ends. If the determination at Step S8 is negative, the program 180 
retums to Step S6 to repeat Step S6. 

[0085] If the^ determination at Step S7 is negative, the program 180 proceeds to Step 
SIO. The management node 82, at Step SIO, sets a count number m of the counter by 
incrementing by "1" or adding "1" to the previous count number m. The program 180 
proceeds to Step S 1 L 

[0086] At Step SI 1, the management node 82 determines whether the count number m 
is equal to or greater than an abnormal count number ma, which is stored I memory. If the 
determination at Step SU is positive, the program 180 goes to Step S12 and the 



management node 82 shuts down at least a portion of the bus 80. The program 180 then 
ends. 

[0087] The management node 82 preferably informs the abnormal condition to the 
display node 70 to indicate this condition on the display panel 66. In one variation, the 
management node 82 can directly sends a signal indicative of the abnormal condition to an 
warning indication element in the display panel 66, which can be a liquid crystal indicator, 
for exaniple, to indicate the condition at this element, even if the display node 70 has not 
been assigned with a physical address at this moment. A waming buzzer can additionally 
or alternatively sounds to inform the abnormal condition to the operator. 
[0088] If the determination at Step S12 is negative, i.e., the count number m is less than 
the abnormal count number ma, the program 180 returns to Step S2 to repeat Step S2. At 
least the indispensable nodes 42A, 42B, 56, 62 thus will be assigned individual physical 
addresses before the network can be used by the associated devices. The terminal nodes 
that have been assigned with the physical addresses are activated and can communicate 
with all the other active nodes on the CAN 32. 

[0089] With reference to FIGURE 7, the interrupt operation program 182 starts when 
the management node 82 receives another individual information response frame from one 
of the remainder nodes. The interrupt operation program 182 preferably interrupts any 
other program being run by the management node 82. In the illustrated embodiment, the 
reminder nodes can include the velocity sensor node 48 and the display node 66, if those 
nodes 48, 66 have not been assigned with a the physical address by the time the initial 
operation program 180 ends. The fish-fmder node 76 can be included in the remainder 
nodes, for example, if the fish-finder 74 is turned on after the initial operation program 180 
ends. 

[0090] The program 182 proceeds to Step S15 once started. At Step S15, the 
management node 82 in the illustrated embodiment refers to the physical address table 
stored in the storage device 168 and selects the smallest number, which has not yet been 
allotted to any terminal nodes, as a physical address that will be assigned to the terminal 
node that has transferred the individual information response frame. Of course, other 
protocols for assigning physical addresses can also be used. The program 182 then goes to 
StepS16. 

[0091] The management node 82, at Step SI 6, writes the selected physical address in a 
column of the physical address table, and also writes the classification identifier and the 
manufacturing number in other colvimns of the physical address table corresponding to the 
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column in which the physical address has been written. The program 1 82 then goes to Step 
S17. 

[0092] The management node 82, at Step SI 7, creates a physical address notification 
frame that includes the physical address table having the physical address, the classification 
identifier and the maiiufacturing number and transfers the physical address notification 

fi*ame to the terminal node that needs the physical address. The management node 82 also 
sends the fiame to the other terminal nodes so as to update their physical address tables. 
The program 1 82 then ends. 

[0093] An individual operation program 1 84 shown in FIGURE 8 preferably is used for 
conducting an operation on the side of each terminal node 42A, 42B, 48, 56, 62, 70, 76. In 
order to simplify the description, the operation program 1 84 is described in the context of its 
operation in the drive node 42A, for example, unless specific descriptions are necessary 
about the operation program 184 and performed by another node. The operations on the 
other terminal nodes 42B, 48, 56, 62, 70, 76 are generally the same as the operation on the 
terminal node 42A and will be easily understood by those of skill in the art in view of the 
following description. 

[0094] With reference to FIGURE 8, the drive node 42A starts and proceeds to Step 
S21 when the main switch unit is turned on. The drive node 42 A resets the count number n 
in the timer set counter to "0" at Step S21 . The program 1 84 then goes to Step S22. 
[0095] The drive node 42A determines whether the individual information transfer 
demanding frame is received from the management node 82 at Step S22. 
[0096] If the determination at Step S22 is positive, the program 1 84 directly goes to 
Step S24. If the determination at Step S22 is negative, i.e., the individual information 
transfer demanding frame is not received from the management node 82, the program 184 
goes to Step S23. 

[0097] Normally, the determination at Step S22 in connection with the drive nodes 
42 A, 42B, the velocity sensor node 48, the remote controller node 56, the steering node 62 
and the display node 70, which are tumed on generally simultaneously when the main 
switch unit is tumed on, is positive, because the management node 82 has transferred the 
individual information transfer demanding frame at this moment. However, the 
determination at Step S22 in connection with the fish-finder 76 can be negative because the 
fish-finder 74 typically is tumed on when the watercraft 30 reaches a fishing site. Thus, in 
this embodiment. Step S23 is mainly for the fish-finder node 76. 



[0098] The drive node 42A, at Step S23, determines whether a preset time has elapsed. 
If the determination at Step S23 is negative, the program 184 returns back to Step S22 to 
repeat Step S22. If the determination at Step S23 is positive, the program 184 goes to Step 
S24 to conduct Step S24. 

[0099] At Step S24, the drive node 42A creates the individual information response 
frame that includes its own classification identifier and manufacturing number. FIGURE 9 
illustrates an example form of the individual information response frame. The frame 
preferably includes a SOF (start of frame) field 188, an ID field 190, an RTR (remotely 
transferring requirement) field 192, a control field 194, a data field 196, a CRC field 198, an 
ACK field 200 and an EOF (end of frame). 

[00100] The ID field 190 and the RTR field 192 together form an arbitration field 204. 
The SOF field 188 and the RTR field 192 each preferably comprise a single bit. The CRC 
field 98, the ACK field 200 and the EOF field 202 preferably each comprises at least one 
bit. The ID field 190 preferably comprises eleven bits or 29 bits. The control field 194 
preferably comprises six bits. The data field 196 preferably comprises 64 bits. 
[00101] The ID field 190 includes the classification identifier, while the data field 196 
includes the manufacturing number of the outboard motor 36A. Both the ID fields 190 of 
the drive nodes 42A, 42B have the same classification identifier. The classification 
identifier for the drive nodes 42A, 42B preferably involves a larger number of dominants 
than the classification identifier for other nodes 48, 56, 62, 70, 76. In other words, the 
classification identifier for other nodes 48, 56, 62, 70, 76 preferably involve a larger number 
of recessives than the classification identifier for the drive nodes 42A, 42B. The 
manufacturing number preferably is expressed in hexadecimal notation. 
[00102] The SOF field 188 is indicative of the beginning of the frame. The RTR field 
192 is provided to demand or require other nodes to transfer data thereof. The CRC field 
198 is provided to detect transfer errors. The EOF field 202 is indicative of the end of the 
fi-ame. The drive node 42A provides the classification identifier stored in the non-volatile 
storage 109 to the ID filed 190. The drive node 42 A also provides the manufacturing 
number stored in the non-volatile storage 109 to the data field 196. 

[00103] The program 184 then proceeds to Step S25. The drive node 42A, at Step S25, 
provides the individual information response fi"ame created at Step S24 to the bus 80, i.e., 
starts transferring the individual information response frame to the management node 82 via 
the bus. Then, the program 1 84 proceeds to Step S26. 



[00104] At Step S26, the drive node 42A determines whether any transferring error 
occurred. Transferring errors can occur when bit error, data error and/or CRC error, which 
were described above, happen, hi addition, the transferring errors can occur when a 
contention between two or more nodes occurs and one of the nodes loses an arbitration 
therebetween, i.e., when the drive node 42A and another terminal node(s) simultaneously 
transfer the respective individual information response frames to the management node 82 
and the drive node 42A loses the arbitration. Normally, the contention is arbitrated with a 
manner that will be described below. If the determination at Step S26 is negative, i.e., a 
transferring error has not occurred, the program 1 84 proceeds to Step S27. 
[00105] The drive node 42A, at Step S27, determines whether the transfer of the 
individual information response frame has been completed. If the determination at Step 
S27 is positive, the program goes to Step S28. The drive node 42A determines whether the 
physical address notification frame from the management node 82 hss been received. If the 
determination at Step S28 is negative, i.e., the transfer of the individual infonnation 
response frame is not complete, the drive node 42A repeats Step S28 until the determination 
becomes positive. 

[00106] The program 184 proceeds to Step S29 when the determination at Step S28 
becomes positive. At Step S29, the drive node 42A picks up the physical address (i.e., 
network address) from the physical address notification frame that has been received from 
the management node 82 and stores the physical address in its own storage such as, for 
example, the RAM in the computing processing unit 1 00. The prograrn 1 84 then ends. 
[00107] If the determination at Step S27 is negative, i.e., the transfer of the individual 
inforniation response frame has not completed, the program 184 goes to Step 30. The drive 
node 42A determines whether an error frame has been received from another node 42B, 48, 
56, 62, 70 at Step 30. The error frame preferably comprises an active error flag having six 
dominant bits (e.g., logical level "0") and an error delimiter having eight recessive bits (e.g., 
logical level "1")- if the determination at Step 30 is negative, the program 184 retums back 
to Step S26 assuming that the transfer of the individual information response frame still 
continues. If the determination at Step 30 is positive, the program 184 proceeds to Step 35, 
which will be described shortly, assuming that a transfer error has occurred. 
[00108] If the determination at Step S26 is positive, i.e., some transferring error occurs, 
the program 184 goes to Step S31 and the drive node 42 A stops transferring the individual 
information response frame. The program 184 then proceeds to Step 32. 
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[00109] At Step S32, the drive node 42A determines whether the transferring error has 
arisen from losing an arbitration with another node 42B, 48, 56, 62, 70. In the illustrated 
embodiment, the arbitration is conducted by comparing the arbitration field 204 (FIGURE 
9) with that of the other node 42B, 48, 56, 62, 70. The comparison is made bit by bit in the 
arbitration filed 204. If the drive node 42A submits a recessive bit and the other node 42B, 
48, 56, 62, 70 submits a dominant bit, then the drive node 42A loses in the arbitration. If 
the drive node 42 A and the other node 42B, 48, 56, 62, 70 both submit the same dominant 
or recessive bit, the comparison is made using each next bit. 

[00110] If the determination at Step S32 is positive, i.e., the drive node 42A has lost the 
arbitration, the program 1 84 goes to Step S33. The drive node 42A determines, at Step S33, 
whether the other node 42B, 48, 56, 62, 70, which won the arbitration, has completed the 
transfer of its individual information response frame. If the determination at Step S33 is 
negative, the program 184 repeats Step S3 3 until the transfer of the individual information 
response frame by the other node 42B, 48, 56, 62, 70 is completed. If the determination at 
Step S33 is positive, the program 184 returns to and repeats step S25. 
[00111] If the determination at Step S32 is negative, i.e., the drive node 42A neither lost 
nor won an arbitration, the program 184 goes to Step S34 assuming that the bit error, data 
error or CRC error has occurred. At Step S34, the drive node 42A creates an error frame 
and transfers the error frame to the other nodes 42B, 48, 56, 62, 70 through the bus 80. The 
program 184 then goes to Step S35. 

[00112] At Step S35, the drive node 42A starts the delay timer to measure an elapsed 
time TL after the drive node 42 A has transferred the error frame. Then, the program 184 
goes to Step S36. -^-^ 

[00113] The drive node 42 A sets the count number n of the timer set counter by 
incrementing it by "1" or adding "T* to the previous count number n. The program 184 
then goes to Step S37. 

[00114] The drive node 42A, at Step S37, determines whether the counter number n 
equal to "9," i.e., whether the timer set counter has set the timer nine times. If the 
determinatioii at Step S3 7 is positive, the program 184 goes to Step S3 8 and the drive node 
42A sets the count number n to "1" at Step S38. The program 184 then goes to Step S39. 
If the determination at Step S3 7 is negative, i.e., the timer set counter has not yet set the 
timer nine times, the program 1 84 directly moves to Step S39. 

[00115] At Step S39, the drive node 42A divides the manufacturing number (e.g., serial 
number) in the data field 196 (FIGURE 9), which is expressed in the hexadecimal notation 
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in this embodiment, into a plurality of bytes from the head, chooses the byte at the order n 
from the head, which corresponds to the counter number n, and calculates a decimal 
nurnber Dn (in bsise 10) using the byte at the order n. The byte comprises eight bits. 
Because the counter number n is "1" at this moment, the drive node 42A chooses the first 
byte. For example, if the first byte is "12," then the number "18" (= 1 * 16* +2) is 
calculated out as the decimal number Dn. The program 184 then goes to Step S40. 
[00116] The drive node 42A fiirther calculates a delay time DT using the following 
formula: 

Dt = Dn*Tb 

[00117] That is, the delay time Dt is calculated by multiplying the decimal number Dn 
by a transfer time Tb of one bit, which is a clock time of the CAN 32. For example, the 
transfer time Tb is 4 i s (micro seconds) if the communication speed of the network is 250 
Kbps (kilo bits per second). Also, for example, if the decimal number Dn is "18" and the 
transfer time Tb is 4 i s, the delay time Dt is 72 i s (= 18 * 4). The program 184 goes to 
Step S41 after calculating the delay time Dt, . 

[00118] At Step S41, the drive node 42 A determines whether the elapsed time TL, 
which was started at Step 35 is equal to or greater than the delay time DT. If the 
determination at Step S41 is negative, the program 184 repeats Step S41 until the delay time 
DT has elapsed. If the determination at Step S41 is positive, i.e.j the delay time Dt has 
elapsed, the program 184 goes to Step S42 and the drive node 42 A stops the delay timer. 
The program 184 then retums to Step S25 and repeats Step S25, i.e., starts transferring the 
individual information response frame. 

[00119] With reference to FIGURES 6-8, the interrelated operations of the management 
node 82 and the terminal nodes 42A, 42B, 48, 56, 62, 70, 76 in the illustrated embodiment 
are described below. 

[00120] Before the main switch unit is tumed on, all the terminal nodes 42A, 42B, 48, 
56, 62, 70, 76 and the management node 82 are not supplied with ekctric power. As noted 
above, all the nodes 42A, 42B, 48, 56, 62, 70, 82 except for the fish-finder node 76 are 
supplied with the electric power when the main switch unit is tumed on in the illustrated 
embodiment. An initial assignment procedure of physical addresses is now ready to start. 
[00121] The management node 82 erases all the physical addresses, the classification 
identifiers and the manufacturing numbers in the physical address hst after the terminal 
nodes 42A, 42B, 48, 56, 62, 70 are ready to communicate with the management node 82 
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(Step SI). The management node 82 then creates the individual infomiation transfer 
demanding frame and provides the frame to the bus 80 (Step S2). 

[00122] Generally at the same time, the respective terminal nodes 42A, 42B, 48, 56, 62, 
70 reset the count number n in each timer set counter to "0" (Step S21). Next, the terminal 
nodes 42A, 42B, 48, 56, 62, 70 create the individual information response frame (Step S24) 
when the terminal nodes 42A, 42B, 48, 56, 62, 70 has received the individual information 
transfer demanding frame from the management node 82 (Step S22). More specifically, the 
terminal nodes 42A, 42B, 48, 56, 62, 70 read the classification identifier stored in each non- 
volatile storage and write the classification identifier in the ID field 190 of the individual 
, information response frame shown in FIGURE 9. The terminal nodes 42A, 42B, 48, 56, 
62, 70 also read the manufacturing number stored in the non-volatile storage and write the 
nianufacturing number in the data field 196 of the individual information response frame. 
The terminal nodes 42A, 42B, 48, 56, 62, 70 then start transferring the individual 
information response frames to the management node 82 through the bus 80 (Step S25). 
[00123] Because all the terminal nodes 42A, 42B, 48, 56, 62, 70 generally 
simultaneously start transferring the individual information response frames, some of the 
individual information response frames may be simultaneously placed on the bus 80. That 
is, a-contention may occur between two or more terminal nodes 42A, 42B, 48, 86, 62, 70. 
As described above, the drive nodes 42 A, 42B have a larger number of dominant bits than 
the other nodes 48, 56, 62, 70. Thus, the drive nodes 42A, 42B have a better chance to win 
in the arbifration than the other nodes 48, 56, 62, 70 when the arbitration fields 204, which 
each include the respective ID field 190, appear on the bus 80. Accordingly, either of the 
drive nodes 42A, 42B can complete the transfer of its own individual information response 
frame to the management node 82 with higher probability (Step S27) than the other nodes. 
[00124] The management node 82 receives the individual information response frame 
(Step S3). The management node 82 reads the classification identifier from the ID field 190 
in the franie and the manufacturing number in the data field 196 in the frame. Then, the 
management node 82 selects a physical address, which has not yet been allotted to any 
nodes, in the physical address list and write the classification identifier and the 
manufacturing number in the columns of the physical address list that correspond to the 
selected physical address (Step S4). Preferably, the management node 82 chooses a 
physical address that has a number of dominant bits from the head when the management 
node 82 provides the physical address to either the first drive node 42A or the second drive 
node42B. 
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[00125] Then, the management node 82 creates the physical address notification, frame 
including the selected physical address and transfers the physical address notification frame 
to the node that transferred the individual information response frame (Step S5). 
[00126] The node that has won the arbitration receives the physical address notification 
frame (Step S28). The node reads the physical address in the notification frame and stores 
the physical address in the volatile storage, e.g., RAM (Step S29). The physical address 
obtaining procedure at this particular node ends, accordingly. 

[00127] Afterwards, the node that has obtained the physical address can create a transfer 
frame that has the ID field 190 and the data field 196 whenever transferring data. If the ID 
field 190 comprises eleven bits, for example, the ID filed 190 preferably includes the 
obtained physical address as its own network address and a data classification that indicates 
a classification of data that will be transferred. The data field 196 includes data that needs 
to be transferred. The node can place the transfer frame onto the bus 80 to communicate 
with other nodes. Because the ID field 1 90 does not include the physical address of a 
particular node, it is uncertain if the particular node can receive the transfer frame. In order 
to improve the uncertainties, if the ID field 190 comprises 29 bits, for example, the ID filed 
190 can additionally includes the physical address of the particular node. Thus, the node 
can surely transfer the frame to the particular node. 

[00128] In the meantime, the node that has lost the arbitration must wait for the 
completion of the transfer of the individual information response frame by the node that has 
won the arbitration (Step S33). The losing node may have a "re-challenge right" for 
transferring its own individual information response frame to the management node 82 
(Step S25) after the completion of the transfer of the individual information response frame 
by the winning node. 

[00129] The node that has a number of dominant bits from the head of the arbitration 
field 204 in the individual information response frame has more chances to win the 
arbitration tiian other nodes that do not have the same number of dominant bits at the heads 
of their arbitration fields 204 whenever two or more nodes simultaneously transfer the 
individual information response frames. Both the drive nodes 42A, 42B have a first or the 
highest priority in this embodiment. Preferably, either the remote controller node 56 or the 
steering node 62 has a second highest priority and at least has a higher priority than the 
velocity sensor node 48, the display node 70 and the fish-finder node 76. 
[00130] Both the drive nodes 42A, 42B can simultaneously transfer the individual 
information response frames to the management node 82. The arbitration between the drive 
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nodes 42 A, 42B cannot be effective because the respective arbitration fields 204 are 
identical to each other. Both the drive nodes 42A, 42B thus simultaneously start 
transferring the bits of the following control fields 194. The respective control fields 194 of 
the drive nodes 42A, 42B also are coincident with one another. The drive nodes 42A, 42B 
still continue to transfer the fi-ames. 

[00131] The transfer reaches the data fields 196. As described above, each data field 
196 has a different manufacturing number (e.g., serial number) because the outboard motors 
36A, 36b have different manufacturing numbers than each other. If the drive node 42A 
transfers a recessive bit and the drive node 42B transfers a dominant bit, the bus 80 
becomes the dominant level. The drive nodes 42 A, 42B receive the data that have been 
transferred by them for confirmation. The drive node 42A that has transferred the recessive 
bit determines that a transferring error, which is a bit error at this moment, has occurred 
(Step S26) because the bus level is different fi-om the bit level that the drive node 42A has 
transferred. The drive node 42A thus stops transferring the remainder of the individual 
information response fi*ame (Step S3 1). 

[00132] The drive node 42A determines that the transferring error was not caused by any 
arbitration loss (Step S32). Then, the drive node 42A creates the error firame and transfers 
the error fi^arne to the drive node 42B through the bus 80 (Step 834). The drive node 42 A 
starts conducting a delay time setting procedure (Steps S35-S42). 

[00133] In the meantime, the drive node 42B, which has transferred the dominant bit 
receives the error fi:-ame (Step S30) that was transferred from the drive node 42A and also 
starts conducting the delay time setting procedure of its own (Steps S35-S42). 
[00134] For instance, the delay time setting procedure is described below assuming that 
the manufacturing number stored in the drive node 42 A is "01 23 45 67 89 AB CD EF" in 
the hexadecimal notation and the manufacturing number stored in the drive node 42B is "01 
23 55 46 89 AB CD EF" in the hexadecimal notation. 

[00135] The delay timer of each drive node 42A, 42B is set to start measuring the time 
TL (Step S35). The timer set coxinter of each drive node 42A, 42B now have "1" as the 
count number n (Step S36) because the count number n was reset to "0" at Step S21 . Thus, 
the decimal number Dn is calculated at the first drive node 42 A by the hexadecimal number 
"01," which is the first byte of the data field of the first drive node 42A, and also the 
decimal number Dn is calculated at the second drive node 42B by the hexadecimal number 
^'01," which also is the first byte of the data field of the second drive node 42B (Step S39). 
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Both decimal numbers Dn are the same and is "1" because the hexadecimal numbers 
compared with each other at this monient are the same. 

[00136] Each drive node 42A, 42B calculates the delay time DT based upon the decimal 
number Dn, which is "1" (Step S40). If the transfer time of one bit is 4 i s, the delay time 
DT is 4 i s (= 1 * 4 1 s). The delay timer of each drive node 42A, 42B simultaneously stops 
4 i s later (Step S42). The transferring priority order thus has not been decided by the first 
attempt. The program 184 retums back to Step S25 and the first drive node 42A again 
transfers the individual information response fi*ame. Steps S26, S31, S32 are repeated at the 
first drive node 42A. The first drive node 42 A then transfers the error fi-ame again to the 
second drive node 42B at the next Step S34. The delay time setting procedure thus is re- 
conducted at both the drive nodes 42 A, 42B. 

[00137] The timer set counter of each drive node 42A, 42B now have "2" as the count 
number li (Step S36). The decimal number Dn is calculated by the hexadecimal number 
"23" at the first drive node 42A and also the decimal number Dn is calculated by the 
hexadecimal number "23" at the second drive node 42B (Step S39). Both decimal numbers 
Dn are the same again and equal "35.-' 

[00138] Each drive node 42 A, 42B calculates the delay time DT based upon the decimal 
number Dn, which is "35" (Step S40). The delay time DT at this moment is 140 i s (= 35 * 
4 i s). The delay timer of each drive node 42A, 42B thus stops 140 i s later (Step S42). The 
drive nodes 42A, 42B simultaneously starts transferring the individual information response 
fi*ame again because the delay time DT is the same also in this attempt. The delay time 
setting procedure thus is repeatedly conducted again at both the drive nodes 42A, 42B. 
[00139] The timer set counter of each drive node 42A, 42B now have-'3" as the count 
number n (Step S36). The decimal number Dn is calculated by the hexadecimal number 
"45" at the first drive node 42A and also the decimal number Dn is calculated by the 
hexadecimal number "55" at the second drive node 42B (Step S39). Decimal numbers Dn 
now are different. That is, the decimal number Dn at the first drive node 42A is "69" (4 * 
16^ + 5)while the decimal number Dn at the drive node 42B is "85"(5 * 16* + 5). 
[00140] The drive node 42A calculates the delay time DT based upon the decimal 
number Dn "69" (Step S40) and the delay time DT at the first drive node 42A as 276 i s (= 
69 * 4 i s). Meanwhile, the drive node 42B calculates the delay time DT based upon the 
decimal number Dn "85" (Step S40) and the delay time DT at the drive node 42B as 340 i s 
(= 85 * 4 i s). The delay timer of the first drive node 42A, 42B stops 276 i s later, while the 
delay tim^ of the second drive node 42B stops 340 i s later (Step S42). Accordingly, the 
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individual information response frame of the first drive node 42A reaches the management 
node 82 before the individual information response frame of the second drive node 42B. 
The first drive node 42A thus wins the transferring priority decision race against the second 
drive node 42B and obtains a physical address (network address). 

[00141] Now that the first drive node 42A has obtained the physical address, only the 
second drive node 42B continues to repeatedly transfer the individual information response 
frame to the management node 82. The second drive node 42B thus should be able to 
obtain its physical address through its next attempt. 

[00142] In the illustrated embodiment, the delay time is advantageously set using each 
manufacturing number (e.g., serial number) that is specific to each device even though 
devices, such as, for example, the drive nodes 42A, 42B, have the same classification 
identifier. The network, such as the CAN 32, can boot up quickly because the network 
address assignment procedure can be completed within a short period. 
[00143] In addition, the manufacturing number, which originally is a hexadecimal 
number, is divided into a plurality of bytes, and the delay time DT is calculated by 
multiplying one of the divided bytes, which is changed to decimal number Dn, by a transfer 
time of one bit Tb in this embodiment. Because the byte has eight bits, the decimal number 
Dn is limited within a range between 0-255. If the transfer time of one bit is 4 i s, the delay 
time DT is less than 1,020 i s (= 255 * 4 i s). In other words, the delay time DT will not 
exceed this period in this embodiment. 

[00144] The manufacturing number can be divided in various ways. For example, the 
manufacturing number can be divided into bit units, which comprises a plurality of bits, 
other than the byte. Also, the divided bit units can be selected in various -ways. For 
example, the bit units can be selected from the tail in sequence. The divided bit units can be 
selected at intervals, skipping here and there in a predefined manner, or one from the head 
next from the tail. Further, the bit units can be selected without order or at random. 
[00145] Other numbers than the manufacturing number can be used for calculating the 
delay time DT.' For example, the parts number, product number, manufacturer number or 
any other numbers related to the associated device or component can be used. In addition, 
any codes other than numbers can be applied inasmuch as the codes can be converted to 
numbers by a decoder or a converter. 

[00146] Using the numbers or codes that has already assigned to the devices, or one or 
more coniponents thereof, is advantageous because no procedure is necessary to provide 
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other numbers or codes to determine priority or to stagger the transfer of the frames. 
However, new numbers or codes still can be used to calculate the delay time DT. 
[00147] As thus described, all the terminal nodes 42A, 42B, 48, 56, 62, 70 except for the 
fish-finder node 74, usually obtain the respective physical addresses in the initial 
assignment procedure of physical addresses. Communication among those terminal nodes 
42A, 42B, 48, 56, 62, 70 is available once the network addresses have been assigned. Thus 
all the devices 36A, 36B, 38A, 38B, 46, 54, 62, 68 related to the terminal nodes 42A, 42B, 
48, 56, 62, 70 are activated. For instance, the operator can start the engines 38A, 38B and 
control the throttle valves of the engines 3 8 A, 38B and the changeover mechanisms of the 
outboard motors 36A, 36B by operating the remote controller 54. The operator also can 
steer the outboard motors 36A, 36B by operating the steering device 60. 
[00148] The initial assignment procedure ends without assigning any physical address to 
the ,fish-finder node 76. The fish-finder node 76 can obtain a physical address in an 
interrupt assignment procedure described below. 

[00149] The operator tums on a power switch of the fish-finder 74 when, for example, 
the watercrafl: 30. reaches a fishing site. The fish-finder node 76 thus is supplied with the 
electric power and the individual operation program 184 (FIGURE 8) at the fish-finder 
node 76 starts. 

[00150] In this particular operation, the management node 82 has already finished the 
initial assignment procedure that is conducted using the initial operation program 180 
(FIGURE 6). Thus, the individual information transfer demanding frame will not be 

transferred to the fish-finder node 76 (Step S22). The fish-finder node 76 waits for a preset 
time to elapse (Step S23). Afl;er the preset time has elapsed, the fish-finder node 76 creates 
the individual information response frame and transfers the frame to the management node 
82 (Step S24) through the bus 80. 

[00151] Upon receiving the individual information response frame from the fish-finder 
node 76, the management node 82 starts the interrupt operation program 182 (FIGURE 7). 
[00152] First, the management node 82 refers to the physical address list stored in the 
storage device 168 in ascending order and selects one physical address that has not yet been 
allotted to any terminal nodes (Step SI 5). Next, the management node 82 writes the 
selected physical address in a column of the physical address table, and also writes the 
classification identifier and the manufacturing number in other columns of the physical 
address table corresponding to the column in which the physical address has been written 
(Step SI 6). The management node 82 then creates a physical address notification frame 



-28- 



that includes the physical address table having the physical address, the classification 
identifier and the manufacturing number and transfers the physical address notification 
fi-ame to the fish-finder node 76 (Step SI 7). This fi-ame is also received by the other 
terminal nodes. 

[00153] The fish-finder node 76 receives the physical address notification frame (Step 
S28). The fish-finder node 76 reads the physical address in the notification frame and stores 
the physical address in the volatile storage, e.g., RAM (Step S29). The other terminal nodes 
do likewise in order to store the physical address of the fish finder node 76 for possible 
fiiture communication. 

[00154] Afterwards, the fish-finder node 76 can communicate with other terminal nodes, 
particularly, the display node 70. Fish finding data obtained by the fish-finder 74 thus can 
be displayed on the display panel 66 whenever the operator desires. Additionally, the 
interrupt assignment procedure conducted on the fish-finder node 76 does not disturb the 
communications among the other terminal nodes 42A, 42B, 48, 56, 62, 70 by any 
significant degree because the interrupt operation is achieved within a very short time 
period. 

[00155] The terminal nodes can include nodes other than the drive nodes 42A, 42B, the 
velocity sensor node 48, the remote controller node 56, the steering node 62, the display 
node 70 and the fish-finder node 76. For exaniple, terminal nodes for audio devices (e.g., 
stereos), audio-visual devices (e.g., TV-sets), navigation systems, telephones, telephone 
control devices and personal computers can be included. 

[00156] The illustrated management node 82 is independently and separately provided 
from other nodes and is connected to the bus 80. hi one variation of the illustrated network, 
the management node 82 can be replaced by a micro-computer or the like that is provided at 
either the velocity sensor node 48, the remote controller node 56, the steering node 62 or the 
display node 70, which is simultaneously tumed on when the main switch unit is tumed on. 
The micro-computer preferably is installed with at least the initial operation program 180 
(FIGURE 6) and the interrupt operation program 1 82 (FIGURE 7). 

[00157] Although this invention has been disclosed in the context of a certain preferred 
embodiment, variations thereof, and examples, it will be understood by those skilled in the 
art that the present invention extends beyond the specifically disclosed embodiments and 
variations to other embodiments and/or uses of the invention and obvious modifications and 
equivalents thereof apparent to those of ordinary skill in the art. In particular, while die 
present network has been described in the context of a particularly preferred embodiment, 
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the skilled artisan will appreciate, in view of the present disclosure, that certain advantages, 
features and aspects of the network may be realized in a variety of other applications, many 
of which have been noted above. Additionally, it is contemplated that various aspects and 
features of the invention described can be practiced separately, combined together, or 
substituted for one another, and that a variety of combination and subcombinations of the 
features and aspects can be made and still fall within the scope of the invention. Thus, it is 
intended that the scope of the present invention herein disclosed should not be limited by 
the particular disclosed embodiment, variations and examples described above, but should 
be determined only by a fair reading of the claims of this patent. 



-30- 



